INTRODUCTION
Since the mid-1980s Coronary Heart Disease (CHD) mortality rates have more than halved in Ireland, as in many other countries in Western Europe. 1 2 Although age-specific CHD mortality rates are decreasing, population ageing is expected to increase future levels of CHD incidence and mortality. 3 These predicted increases for future CHD prevalence coupled with recent evidence of levelling-off in cardiovascular disease (CVD) mortality in Ireland highlight the importance of building on existing public health initiatives that are helping to reduce population levels of risk factors such as smoking and diabetes. 4 Further reductions in risk factors such as cholesterol, high blood pressure and smoking have consistently explained >50% of CHD mortality declines in Ireland 1 2 and elsewhere. 5 One of the most challenging issues for disease prevention is the need to address health inequalities and their social determinants. 6 In Western industrialised countries, higher rates of CVD mortality and associated adverse risk factor prevalence are disproportionately found in lower socioeconomic groups. 7 Northern Ireland (NI) is recognised as having some of the greatest levels of health and social inequalities in the UK 8 but was one of the first countries to adopt an interdepartmental approach to devise comprehensive strategies to combat them. An overarching public health policy 9 has given a renewed commitment to reducing challenging health inequalities 10 by addressing the
Strengths and limitations of this study
▪ Strengths of the study include: ▪ The nationally representative repeated crosssectional surveys in Northern Ireland (NI) and the Republic of Ireland (RoI). Prevalence of cardiovascular risk factors was compared, stratified by educational level. ▪ Educational attainment was used as a socioeconomic indicator by which the magnitude and direction of trends in inequalities for smoking, diabetes, obesity and physical inactivity in NI and RoI were examined. ▪ The limitations were that the study populations only included those aged to 20-69 years and complete information was not available on all risk factors for cardiovascular disease.
wider social determinants of health such as education, poverty, social exclusion and making healthy lifestyle choices. In the Republic of Ireland (RoI) a 10-year National Action Plan for Social Inclusion 2007-2016 11 was published and specific targets for the reduction of health inequalities were identified in 2001 and endorsed in the National Health Strategy, Quality and Fairness: A Health System for You.
12
Previous work has provided some insight on socioeconomic differentials in the long-term risk of CHD in Northern Irish men, 13 with similar significant socioeconomic differences in CHD mortality in NI and RoI, 14 and a recent study has reported on the CVD mortality differentials between NI and England. 15 In the present study we provide an assessment of trends in gender-specific cardiovascular risk factors, between 1997 and 2011, and associated socioeconomic changes in two neighbouring countries, NI and RoI, with similar populations but different public health policies and separate healthcare systems. The aim of the study was to assess the magnitude, direction and changes in the prevalence of modifiable risk factors for CVD according to educational attainment, as a proxy measure for socioeconomic status, in NI and RoI, using comparable national health surveys from 1997-2011. Official Statistics in NI. The nationally representative cross-sectional health surveys (response rates >60%) have been described in detail elsewhere. 15 17 18 a respondent was classified as physically inactive if they had not met recommended guidelines of performing at least moderate activity lasting 30 min/day on ≥5 occasions/week. The obesity measurement for NI was computed from anthropometric height and weight measurements (1997, 2005/2006 and 2010/2011) . In RoI, obesity data were generated from self-reported height and weight information. Obesity was defined as body mass index (BMI) ≥30 kg/m 2 using the WHO criteria. 19 Blood pressure and total cholesterol measures were not available across all time points and therefore are not included. Definition of socioeconomic variable Educational attainment, a widely recognised proxy indicator for socioeconomic position, was used in the analyses, as it can be recorded for all respondents irrespective of employment status. 20 Respondents were assigned to one of three educational attainment categories namely, primary (first level, usually to age 11-13 years; this is equivalent to 6-8 years of school from age 5), secondary (second level, usually to age 18 years; this is equivalent to 13 years of school in total) and third level (degree level or higher educationundergraduate or postgraduate level).
METHODS

Survey method and sample
Statistical analysis
Gender-specific risk factor prevalence according to educational attainment was age standardised using 10 year age bands by the direct method and using the European standard population (see figures 1 and 2).
Calculation of inequality measurements
As recommended in the literature, a generalised least squares approach was used 21 to calculate absolute and relative socioeconomic inequalities for each risk factor. First, a 'ridit' variable was computed for each survey by hierarchically ranking educational attainment status from highest to lowest. A ridit score is calculated for each educational attainment stratum by calculating the mean proportion of the population with a higher level of educational attainment. For example, if 30% and 40% of the population have attained primary-level and secondary-level education, respectively, and using midpoints for the proportion of the population in each category, the ridit score for those with primary-level education only would be 0.15 and 0.3 +(0.4/2)=0.5 for those attaining secondary-level education.
Absolute inequalities
Generalised linear models were used 21 to generate estimates of the Slope Index of Inequality (SII) using a logbinomial maximum likelihood approach regressing age standardised prevalence of a cardiovascular risk factor on the ridit score and 10 year age groups. Using an identity link function, the SII estimates (coefficient of ridit) represented the rate difference taking into account the distribution of all three educational attainment groups. The greater the value of SII, the greater the extent of absolute inequality. A SII of (near to) 0 indicates that the cardiovascular risk factor is not subject to any inequality.
Relative inequalities
For relative inequalities, generalised linear models were fitted using a logarithmic link function. 22 The coefficient of ridit estimated the Relative Index of Inequality (RII) or prevalence ratio difference between the two extremes of the educational attainment hierarchy. An RII>1 indicates a higher mean prevalence rate of the selected risk factor (eg, being a smoker) among the lowest educated category compared with the highest educated category. An RII<1 indicated a higher mean prevalence rate for the selected risk factor among the highest educated category.
To assess time trends in SII and RII, models were fitted with an interaction term of survey year * ridit score. A p value of <0.05 for the interaction term was indicative of significant change in the inequality measure over time. Differences in gender-specific SII and RII for each survey year and over time were also assessed by incorporating appropriate two way and three way interaction terms respectively. Analyses were weighted to account for individual survey sample design and non-response. Analyses were carried out using STATAV.11.2 (StataCorp, 2009).
RESULTS
The characteristics of the health surveys from each jurisdiction are presented in table 2. The distributions of demographic and socioeconomic variables and conventional cardiovascular risk factors were broadly comparable between NI and RoI.
Figures 1 and 2 provide gender-specific age standardised prevalence of risk factors across educational attainment categories for available years for NI and RoI respectively.
Diabetes and obesity
There were increasing trends with respect to diabetes and obesity with overall prevalence increasing in both countries over the study period. Diabetes prevalence and obesity levels increased in NI for both genders in each educational category over the lifetime of the study. In general for RoI, diabetes and obesity levels increased for all educational subgroups for both genders.
Smoking
There were marked decreases in the prevalence of smoking in both countries. In NI, there were substantial declines in smoking prevalence for all gender stratified educational groups apart from among women with secondary-level education. In RoI, over the study period, there were decreases in smoking levels among third-level and secondary-level education categories. However, there were marked increases in smoking levels for both genders in those with only primary-level education.
Physical inactivity
The proportion of the samples that were in the highest level of educational attainment increased over time in both countries. Physical inactivity levels fell markedly in NI over the study period and decreases were found for both genders in all educational groups. Physical inactivity levels decreased among all men in RoI which is in contrast to women where increases in inactivity among the primary education group were apparent, as well as decreases in activity among women with third-level education.
Slope Index of Inequality (SII) and Relative Index of Inequality (RII) Table 3 provides gender-specific measurements for SII and RII by survey year for NI and RoI and associated tests for linear trend over time.
Smoking
There is evidence of increasing relative inequalities in smoking in NI over the period 1997-2010 for men ( p=0.01). A fourfold higher smoking rate was reported among the least educated relative to the most educated 
Diabetes and obesity
There were no significant changes in absolute or relative inequalities in NI for diabetes prevalence over the study Figure 2 Trends in age standardised prevalence of smoking, diabetes, obesity and physical inactivity, by gender, for persons aged 20-69, in RoI. RoI, the Republic of Ireland. 18 in RoI. ‡Measures of educational inequality as defined by SII and RII for smoking, diabetes, obesity and physical inactivity by gender in NI and in RoI for available survey years and trend over time. BMI, body mass index; IPAQ, International Physical Activity Questionnaire; NI, Northern Ireland; RII, Relative Index of Inequality (rate ratio); RoI, the Republic of Ireland; SII, Slope Index of Inequality (rate difference).
period. Despite evidence that absolute and relative inequalities in NI for obesity in men have declined more recently (between 2005/2006 and 2010/2011) widening relative and absolute inequalities occurred for obesity in men and women over the entire study period. For obesity, relative inequalities in NI increased more in women than men over time ( p value for ridit of survey year × gender × ridit score was 0.05 for RII).
Absolute and relative inequalities for diabetes widened in RoI (between 1998 and 2002) with the least educated women estimated to have a ninefold higher diabetes prevalence. For obesity in men in RoI, absolute inequalities widened and relative inequalities narrowed. Encouraging trends for obesity levels in women in RoI were observed with inequalities narrowing significantly between the least and most educated for SII ( p<0.01) and RII ( p<0.01).
Physical inactivity
In NI, for physical inactivity, absolute inequalities increased for men but decreased for women over the study period and relative inequalities decreased for men ( p<0.01) and women. Relative inequalities for physical inactivity in NI were significantly higher in women compared with men in 2010/2011 ( p<0.01).
In RoI, men reported significant higher levels of physical inactivity compared with women in 2007 for RII ( p=0.04) and for SII ( p<0.03).
DISCUSSION
This study examined time trends in the prevalence of key cardiovascular risk factors in relation to measures of educational attainment between two countries on the same island. 23 Over the study period, the prevalence of diabetes and obesity increased overall and across strata of educational attainment in both countries, and those with lower levels of educational attainment tending to have higher prevalence of these risk factors. Overall, smoking levels and physical inactivity levels decreased in all educational strata over time in both countries. However, in NI, for both genders, there were increases in relative inequalities for obesity and smoking. Absolute inequalities increased for all risk factors in Northern Irish men and increased for diabetes and obesity in Northern Irish women. In the RoI, gender differences were observed with greater inequality for smoking, diabetes, obesity and physical inactivity in women compared with men. However, these inequalities appear to decrease over time for obesity and physical inactivity in the RoI.
As in other westernised populations, improvements in overall life expectancy in the last number of decades have occurred in conjunction with a widening gap in life expectancy between socioeconomic groups. 24 A recent study in Scotland has reported on how inequalities in CVD risk factors have persisted and are likely to have contributed to recent levelling-off in CHD mortality. 25 Recently reported adverse trends in obesity and diabetes (to 2002 in RoI) led to additional CHD deaths in Ireland, 1 2 have not diminished as evidenced by data reported in the current study. These unfavourable trends in obesity and diabetes may partly explain the recent slowing down in CHD mortality in younger persons in NI and, to some extent, stroke mortality in the RoI. 4 There are established socioeconomic gradients in smoking, 26 obesity 27 and diabetes across NI and RoI. 28 The extent of inequality for women, in particular, is greater in Northern European countries including the UK and RoI compared with Southern European countries. 29 Life expectancy is greater for women and research suggests that men's health is most affected by other social determinants such as job security. 30 In RoI, the overall age standardised all-cause mortality rate for men was 54% higher than for women.
14 Population-level 'primordial' prevention measures impacting on changes in smoking prevalence in NI and RoI included the introduction of the smoking ban in public places, in April 2007 and March 2004 respectively, and continued taxation of tobacco products. The food standards agency in NI and the Food Safety Authority in RoI sets voluntary 'standards' for levels of saturated fats, salts and recommended portion size of sugary based products produced by industry. Arguably these voluntary agreements are a poor second best solution for regulation in the food sector when many scientists foresee greater potential impacts with enforced ingredient controls. 31 Prevention in primary care was given a boost in NI in the last decade with the introduction of the Quality and Outcomes Framework (QOF) which includes identifying individuals with high cardiovascular risk and has improved identification and management of persons with type 2 diabetes. 32 However, targeting high-risk populations in this way has been shown to widen health inequalities in contrast to population-wide CVD prevention strategies. 33 Some have argued that 'structural' solutions (eg, through legislation) that impact on whole population averages and norms, rather than interventions that rely on individual agency (like QOF) have a better chance of addressing inequalities, while the latter type of intervention may risk intervention generated inequality. 34 35 In NI greater importance is being placed on increasing physical activity in children and to increase active travel. 9 Recently, the first ever national physical activity plan was launched in RoI with the target to increase the number of people taking regular exercise by 1% per year over the next 10 years, with healthier lifestyles promoted in all schools. In NI and RoI, dedicated cross departmental initiatives aimed at preventing and addressing overweight and obesity with a specific emphasis on childhood obesity have been instigated 36 which acknowledge the importance of interventions throughout the life course to reduce inequalities in health. Latterly, this has included structural interventions (such as improving cycling infrastructure) to improve rates of active travel 37 which we know impacts on BMI. 38 In RoI a national task force on obesity was introduced in 2005, followed by a Health Service Executive (HSE) framework for Action on Obesity (2008) (2009) (2010) (2011) (2012) . 39 Along with the policy document on cardiovascular health, a policy on physical activity guidelines was issued by the Department of Health and Children in 2009 40 and a plan devised to tackle the rising obesity levels. In 2011, the Health Minister in RoI set up a Special Action Group on Obesity to examine and progress a number of issues to address the problem of obesity.
Joined up 'all island' approaches to combat inequalities, underpinned by addressing the social determinants of health have relatively recently been introduced with the objective of informing future policy initiatives 30 to address the unique inequality challenges in each country and our type of analysis might provide a framework for their future evaluation. However, a key inference from our analysis must surely be that reversing inequalities in these risk factors is a long-term endeavour. There are clearly no single short-term solutions and distinct policies may be necessary or better suited to address relative and absolute inequalities.
Strengths and limitations
Our study assesses prevalence of specific cardiovascular risk factors, stratified by educational level, based on comparable nationally representative health surveys. The reporting of relative and absolute inequalities provides a comprehensive assessment of socioeconomic trends in cardiovascular risk factors accounting for changes in the population distribution of educational attainment.
The analyses included only those aged between 20 and 69 years as educational attainment data were unavailable for older groups in NI. Recent data from the RoI data are currently only becoming available to assess the impact of the unprecedented duration of European union (EU) austerity measures on health inequality trends in RoI. Social circumstances in childhood are associated with increased risk of CHD, 41 however, parental educational attainment or social status is not typically recorded in cross-sectional studies. There were few or no standardised measurements of blood pressure and cholesterol levels across the survey years and countries. Data for smoking, physical inactivity and obesity (RoI only) and diabetes (RoI only) are based on self-reported information and survey respondents often answer questions in a socially desirable way. However, a number of studies have shown the validity of self-reported risk factors, across educational subgroups, to be high. 42 However, others have suggested an underestimation of BMI, particularly in the lower socioeconomic groups, which may have influenced the findings in our study. 43 Although the response rate was >60%, we have no information available about the educational status of nonrespondents. Previous studies have shown that such surveys tend to slightly over-represent those categorised in the highest socioeconomic class. 44 If this is the case, and the excluded cases from lower socioeconomic groups were to have even more adverse risk factor profiles, then we may have underestimated inequalities in our study. However, our findings accord well with broader international comparisons which have adopted similar methods for studying trends in absolute and relative inequality in CVD incidence 45 but it should be noted that a substantial proportion of the educational differentials in incidence is not explained by trends in risk factors (or indeed case fatality).
CONCLUSIONS
In conclusion, we found strong evidence of persisting and increasing magnitude of absolute and relative educational inequalities in both countries, with NI experiencing a greater widening of inequalities than RoI and important gender differences. Further completed and ongoing national surveys, in NI and RoI, will provide additional insights into whether these trends are continuing. Our findings provide partial explanations for widening inequalities in CHD mortality and therefore provide insights for decision makers on the impact of policies on reducing health inequalities.
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